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ABSTRACT 
  
vi 
 
        This study was conducted to investigate the feed efficiency of tow 
locally formulated diets(A,B)on the performance  of Nile Tilapia 
(Oreochromis niloticus).  
            Diet (A) contained 60% wheat bran 30%   cotton seed cake  and 
10% poultry by-product(offal+ intestine) while the  diet (B) contained 
60%  wheat bran 30%, cotton seed cake and 10%   fish meal . 
 The experimental trial was performed at Sudan University of science and 
technology, college of Veterinary Medicine and Animal 
Production,Departement of Fisheries and Wild life.  
The diets were formulated in the fishery Laboratory of Sudan 
University. The fish were fed twice a day at 9:00 am and 3:00 pm at  
affixed feeding rate of 5% body weight of fish per day for 60 days. The 
total body weight, total length and standard length were measured and 
recorded every 10 days throughout the experimental period.   
      The growth response and performance data of the studied fish 
(Orechromis niloticus) fed diet containing fishmeal (diet B) presented   a 
better result  than that fish fed poultry by- product meal (diet A) as 
followes:- 
 The values of  final weight increment(20.11)gm, specific growth 
rate (0.34), feed conversion ratio (1.2) and protein efficiency ratio (1.06) 
and feet conversion efficiency (8.49), of group(B) fed fishmeal ,were 
revealed a higher than group(A) fed with poultry by-product meal, except 
the apparent protein utilization of diet (B)was recorded (11.99) while the 
apparent protein utilization for diet (A)recorded(23.31).     
ﺔﺤﻭﺭﻁﻷﺍ ﺹﺨﻠﻤ 
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ﻤﻜﻭﻨﺔ ﻤﻥ ﺭﺩﺓ ﻗﻤﺢ ( ﺃ)، ﺍﻟﻌﻠﻴﻘﺔ ﺍﻷﺴﻤﺎﻙﺘﺠﺭﺒﺔ ﺒﺩﺭﺍﺴﺔ ﻨﻭﻋﻴﻥ ﻤﻥ ﻋﻼﺌﻕ ﻋﻨﻴﺕ ﻫﺫﻩ ﺍﻟ  
  .01ﺍﻟﺩﻭﺍﺠﻥ  ﻣﺠﺎزر، ﻭﻤﺴﺤﻭﻕ ﻤﺨﻠﻔﺎﺕ %03، ﺃﻤﺒﺎﺯ ﺒﺫﺭﺓ ﺍﻟﻘﻁﻥ %06
% 01ﻭﻤﺴـﺤﻭﻕ ﺍﻟﺴـﻤﻙ % 03ﺒﺫﺭﺓ ﺍﻟﻘﻁﻥ ، ﺃﻤﺒﺎﺯ %06ﻤﻜﻭﻨﺔ ﻤﻥ ﺭﺩﺓ ﻗﻤﺢ  .(ﺏ) ﺍﻟﻌﻠﻴﻘﺔ 
ﻤﻥ ﻭﺯﻨﻬﺎ ﻴﻭﻤﻴﺎﹰ ﺒﻤﻌﺩل % 5ﺒﻨﺴﺒﺔ  )sucitolin simorhcoerO(ﻟﺘﻐﺫﻴﺔ ﺃﺴﻤﺎﻙ ﺍﻟﺒﻠﻁﻲ ﺍﻟﻨﻴﻠﻲ 
  .ﻴﻭﻤﺎﹰ 06ﻤﺭﺘﻴﻥ ﻓﻲ ﺍﻟﻴﻭﻡ ﻟﻤﺩﺓ 
, 43.0()ﻤﻌﺩل ﺍﻟﻨﻤﺅ ﺍﻟﻨﻭﻋﻲ, (mg11.02)ﺍﻅﻬﺭﺕ ﻗﻴﻡ ﺯﻴﺎﺩﺓ ﺍﻟﻭﺯﻥﻋﻨﺩ ﺘﺤﻠﻴل ﻨﺘﺎﺌﺞ ﺍﻟﺘﺠﺭﺒﺔ   
( 94.8)ﻭﻤﻌﺩل ﻜﻔـﺎﺀﺓ ﺍﻟﻐـﺫﺍﺀ , (60.1)ﻤﻌﺩل ﻜﻔﺎﺀﺓ ﺍﻟﺒﺭﻭﺘﻴﻥ , (2.1)ﻤﻌﺩل ﺍﻟﺘﺤﻭﻴل ﺍﻟﻐﺫﺍﺌﻲ 
ﻗﻴﻡ ﺍﻋﻠﻰ ﻤﻥ , ﺍﻟﺘﻲ ﺘﺤﺘﻭﻱ ﻋﻠﻰ ﺒﻭﺩﺭﺓ ﺍﻟﺴﻤﻙ ( ﺏ)ﺔﻟﻤﺠﻤﻭﻋﺔ ﺍﻻﺴﻤﺎﻙ ﺍﻟﺘﻲ ﻏﺫﻴﺕ ﻋﻠﻰ ﺍﻟﻌﻠﻴﻘ
ﻤﺎﻋـﺩﺍ ﻤﻌـﺩل ﺼـﺎﻓﻲ ﺍﻟﺒـﺭﻭﺘﻴﻥ ﺍﻟﻤﺴـﺘﺨﺩﻡ ﻭﺍﻟﺘـﻲ ( ﺃ)ﻨﺘﺎﺌﺞ ﺍﻻﺴﻤﺎﻙ ﺍﻟﺘﻲ ﻏﺫﻴﺕ ﺒﺎﻟﻌﻠﻴﻘﺔ
  . (99.11)ﻭﺍﻟﺘﻲ ﺴﺠﻠﺕ( ﺏ)ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﺍﻟﻌﻠﻴﻘﺔ( ﺃ)ﻓﻲ ﺍﻟﻌﻠﻘﺔ( 13.32)ﺴﺠﻠﺕ
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CHAPTER ONE 
INTRODUCTION 
 Aquarium fish keeping has long history and has been a relaxing 
hobby for centuries. The ancient Chinese (Song dynasty) is the first 
civilization thought to have kept aquarium fish for ornamental purposes. 
Even earlier than the Chinese some earlier , civilizations were keeping 
plenty of fish in various types of holding containers for food purposes. 
 The Nile tilapia (Oreochromis niloticus) was one of the first fish 
species cultured. Illustrations from Egyptian tombs, suggest that Nile 
tilapia were cultured more than 3000 years ago. 
 Tilapia have been called saint peters fish in reference to biblical 
passages about the fish fed to the multitudes. The Nile tilapia is still the 
most widely cultured species of tilapia in Africa, and it is an important 
cultured fish group in the world, after carps and salmonids.  
 Tilapia culture is also one of the fastest growing farming activities, 
with an average annual growth rate of 13.4% during 1970-2002 (FAO, 
2004). They are widely cultured in about 100 countries in tropical and 
subtropical regions. As a result, the production of farmed tilapia 
increased from 383.654 in 1990 to 1.505.804 Mt in 2002 representing 
about 6% of total farmed finish in 2002 (FAO, 2004).  
 Tilapia is a hardy prolific, fast growing tropical fish, and it can 
survive on a diversity of food. Algae is probably their most common food 
in the wild. On fish farms they are fed a high-protein pelleted feed. They 
can be fed by hand or with sprinkler mechanism, and generally fed twice 
per day. Tilapia are generally quite hardy and readily adapt to new 
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environments, it requires water temperatures from 76-84 degrees 
Fahrenheit. Growth diminishes significantly at temperatures below 68oF 
and death will occur below 50oF. At temperatures below 54oF tilapia lose 
their resistance to disease and are subject to infections by bacteria, fungi 
and parasites (Elsayed, 2004).  
Aquaculture in Sudan: 
 Sudan is qualified to expand in aquaculture as the essential inputs 
such as land, water and agricultural byproducts, which are the main 
ingredients of fish feed are available. Also the irrigation channels, natural 
pools can be used as fish farms. The first fishery farm has been 
established in (1952) and since then the sector witnessed horizontal 
increase in number and area of farms (Abdel wahab, 1997). Actually, 
most of the fish farms were established in order to compete the farm 
decoration (Abdel Wahab, 1997).  Most of the farms are constructed of 
earth basins with some trials in the natural pools (e.g. Rahad) and in 
cages (Jebel Aulia) and beside oyster farms in the Red Sea. The average 
annual production per feddans expected to be 4 tone of tilapia (Bulti), 
(Osman, 1993).  
Objectives: 
1. To compare, growth performance of Oreochromis niloticus with 
different supplementary feed (fish meal, poultry by product)  
2. To determine what feeds are best. 
3. To use balance feeds using locally available and cheap ingredients. 
4.  Produce maximum weight of marketable fish in the shortest time at 
The least cost. 
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CHAPTER TWO 
LITERATURE REVIEW 
 Oreocromis niloticus a relative of the common north American 
sunfish that has been known in Europe as the bream or the large-mouthed 
kurpper and is now called the tilapia throughout its vastly extended 
range-seemed to meet all of the specifications. 
 
2.2 Identification 
- The tilapia are members of the family Cichlidae 
- Characteristic body shape: Long dorsal fin 
- Fin share sharp spines 
- Pectoral and pelvic fins are close to the head. 
 
2.3 Taxonomy   
  Until the late 1970 tilapia were all classified into a single genus. 
Tilapia, however most taxonomists now classify them into three genera 
Tilapia, Saratherodon and Oreochromis according to their breeding 
behavior. The genus Oreochromis contains all the best species for 
aquaculture. The eggs and fry are incubated in the mouth of the female.  
 
2.4 The suitability of Tilapia for culture 
 The following factors all contribute to the ease of cultivation of 
Tilapia: 
a) Resistance to poor water quality and disease 
b) Tolerance to a wide range of environmental conditions. 
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c) Ability to convert efficiently organic, domestic and agricultural 
wastes, into high quality protein. 
d) Good growth rates 
e) Easy to grow in intensive culture. 
 
2.5 Nutritional requirements 
 Nutrition is the most expensive component in the intensive 
aquaculture industry, where it represents over 50% of operating costs. 
Moreover protein itself represents about 50%of feed cost in intensive 
culture, therefore, the selection of proper quantity and quality of dietary 
protein is anecessary tool for successful tilapia culture practices. 
 
2.5.1 Protein requirements 
 Several factors including fish size or age, dietary protein source, 
energy content, water quality and culture conditions have been reported 
to affect protein requirements of tilapia (Elsayed, 2003 P.29). Many 
studies indicated that protein requirement for maximum performance of 
tilapia during larval stages is relatively high (35 – 50%) and decreases 
with increasing fish size (Winfree and Stickney, 1981; Jouncey and Ros, 
1982; Siddiqui et al., 1988; Elsayed and Teshima, 1992) for Tilapia 
juveniles the protein requirement ranges from 30-40% while adult tilapia 
require 20-30% dietary protein for optimum performance, on the other 
hand tilapia brood stock require 35-45% dietary protein for optimum 
reproduction, spawning efficiency and larval growth and survival 
(Gunsekera et al., 1996a, b; Siddiqui et al., 1998; Elsayed et al., 2003). 
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2.5.1.1 Amino acid requirements 
 Despite that tilapia require the 10 essential amino acids (arginine, 
Lysine, histidine, threonine, valine, leucine, isolecucine, methionine, 
Phenylallanine and tryptophan) which content in protein, requirement, 
This follows the concept that protein requirement and ensure maximum 
Growth . 
 
2.5.1.2 Animal protein sources 
2.5.1.2.1 Fishmeal 
 Fishmeal (FM) has been traditionally used as the main protein 
source in the aqua feed industry. However the increased demand for FM 
coupled with a significant shortage in global and the supply of fishmeal 
is not growing worldwide (Rumsey, 1994; Barlow, 1997).  
 FM production has created sharp competition for its use by the 
animal feed industry. As a result, FM has become the most expensive 
protein commodity in aquaculture feeds in recent years (Tacon,1990 
P.30). Moreover the price of  fish meal is often high, these necessitate 
replacing FM with cheaper protein sources (Shepherd, 1998) therefore, 
many attempts have been made to partially or totally replace FM with 
less expensive, locally available protein source.2.5.1.2.2 Fishery 
byproducts 
 Despite the fact that large amounts of fishery byproducts and by 
catch are produced annually in the world, little attention has been paid to 
the commercial use of this byproduct for tilapia. The exception is fish 
silage and shrimp meals, where several studies have considered their use 
as a FM replacer in tilapia feeds. 
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 The results indicated that between30-75% fish silage can be 
successfully incorporated in tilapia feeds, depending on fish species and 
size, silage source, and diet composition (Fagbenor 1994; Fagbenor and 
Jauncey, 1994). It is evident that fish silage has potential as a protein 
source for tilapia. 
 Nile tilapia utilized shrimp head meal at up to 15 and 60% of the 
diet without adverse effects on their performance (Toledo et al., 1987; 
Nwanna and Daramola, 2000) and Elsayed (1998) reported that shrimp 
meal can replace FM in Nile tilapia diet at 50% and 100% respectively 
without significant retardation in weight gain and feed efficiency.    
2.5.1.2.3 Terrestrial animal byproducts 
 Terrestrial animal byproducts including poultry by-product meal 
(PBM), blood meal (BM), meat and bone meal (MBM) have been widely 
used as protein sources for tilapia, due to their high protein content and 
good essential amino acid (EAA) profiles (Tacon,1993). Cost beneficial 
analyses indicated that these sources can be used as single dietary protein 
sources for Nile tilapia profiles (Elsayed, 1998). On the contrary BM is 
not efficiently utilized by profiles due to low digestibility and poor EAA 
profiles (Viola and Zohar, 1984; Davies et al., 1989; Bishop et al., 1995). 
2.5.1.2.4 Poultry by-product meal (PBM) 
  Poultry by-product meal (PB) is made of ground rendered powder 
of the carcass of slaughtered poultry. PBM has been tested at varying 
success so far in profiles (Sadiku and Jauncey, 1995; Elsayed, 1998). 
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 Fowler (1991) and Sevgili (2002) reported PBM could replace 
about 50% of fishmeal in the diets for Rainbow trout. Hassan and Amin 
(1997) found that processing techniques greatly affected the nutritional 
quality of PBM. They reported that autoclaved product showed better 
growth performance than sun dried and or oven dried PBM and there is a 
deficiency of EAA (lysine) in PBM (NRC, 1983; Tacon and Jackson, 
1985). 
 Belal et al. (1995) fed O. niloticus fingerlings (10.8 g) test diets 
containing 20% chicken offal silage (COS) made from chicken viscera, 
as a replacement of fishmeal. They found that the growth and body 
composition of fish fed COS up to20% level were similar to that of fish 
fed a FM based diet.  
2.5.1.3 Plant protein sources 
2.5.1.3.1 Oilseed plants 
2.5.1.3.1.1 Soybean meal (SBM) 
 SBM contains the highest plant protein content and has the best 
EAA profile, but it is deficient in sulfur, containing amino acids 
(methionine, lysine, cystein) and contains endogenous anti-nutrients 
including protease (trypsin) inhibitor  SBM can be used as total of partial 
protein source for farmed tilapia, depending on fish size, dietary protein 
level and processing methods.  
2.5.1.3.1.2 Cottonseed cake 
  Cottonseed cake (CSC) is one of the best plant protein sources for 
tilapia in developing countries due to its high availability, relatively low 
price, good protein content 26.54% depending on processing methods 
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and amino acid profile (FAO, 1998 P.29). However, it is deficient in 
some EAA such as cystein, lysine and methionine in addition to its high 
content of gossypol that may limit the use of CSM in tilapia feeds. 
Results on the use of CSC indicated that replacement of more traditional 
protein sources at between 50-100% can be effective in tilapia feed 
depending on CSC source, processing method and fish species and sizes. 
 
2.5.1.4 Aquatic plants 
 Several studies have been conducted on the use of aquatic plants in 
tilapia feeds, among these plants the Duck weed is the most promising 
and its excellent food source for tilapia due to its good protein content 
(35-45%) and amino acid and mineral profiles. In addition to that plant 
protein is  cheaper per unit of nutrient than animal protein (Alcest, 2000).  
 Other aquatic plants including Azolla pinnata, Hydrodictyon 
retuculatury and others.  
 
2.5.1.5 Grain legumes 
 Many leguminous or cereal plants and byproducts can be used as 
partial protein sources for tilapia. Among these leucaena leaf meal, 
Brewery wastes, Corn products, Cassava leaf meal, green legume and 
other.  
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2.5.2 Carbohydrate 
 Fish need small amounts of carbohydrate the digestible energy 
requirement of economically optimum growth have been estimated in the 
fry (2.5g) with 35% protein with a digestible energy, protein ratio (DE/P) 
of 8.2 Kcal/g of protein. Large fish (7.5g) need 9.4 Kcal (Sinfree and 
Stiekeny, 1981). 
 
2.5.3 Fat 
 Fish require long chain fatty acids. The optimum dietary levels of 
fatty acids have been estimated about 5% for O.niloticuss and 1% of T. 
zillii (Takeuchs, 1983).  
2.5.4 Vitamins and minerals 
 Tilapia require vitamins and minerals as most fishes. Most of the 
tilapia culture satisfies their vitamin needs from the natural foods, and it 
needs supplementary vitamin under extensive conditions in ponds. 
 Minerals needs in many functions like structure of skeletons and 
soft tissues, nerve impulse and transmission and muscle contraction 
(Jauncey, 1992). 
2.5.5 Environmental requirements 
 Tilapia are more, tolerant than most commonly farmed freshwater, 
low salinity high water temperature low dissolved oxygen salinity. 
  All tilapia are tolerant to brackish water it grows well in brackish 
water up to 20 ppm salinities and its performance begins to decline at 
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salinities below 5 ppm. Fry numbers decline substantially at 10 ppm 
salinities.  
2.5.5.1 Water temperature 
 The tolerances temperature about 48oF, tilapia generally stop 
feeding when water temperature falls below 63oF induced mortality after 
handling seriously constrain sampling. Reproduction is best at water 
temperature higher than72oF and does not occur below 68oF. The optimal 
water temperature for tilapia is about 85-88oF 
2.5.5.2 pH  
 In general tilapia can survive at pH ranging from 5-10 but do best 
performance at 6-9. 
2.5.5.3 Diseases 
 Tilapia are more resistant to viral, bacterial and parasitic diseases 
more than commonly cultured fish especially at optimum temperature. 
2.5.6 Replacing of the fishmeal by another ingredient   
 Replacement of fishmeal by cheaper ingredients of either animal or 
vegetable origin in aquatic animal feed is necessary because of the rising 
cost and uncertain availability of fishmeal (Kaushik, 1990; Higgs et al., 
1995). In Egypt the effects of total replacement of dietary fishmeal (FM) 
with animal protein sources on the growth feed efficiency and profit 
indices of Nile tilapia (Oreochromis niloticus) were investigated, shrimp 
meal (SM) blood meal (BM), meat and bone meal (MBM) BM + MBM 
mix and poultry by-product meal (PBM) replace fish meal (FM) in six 
iso-nitrogenous (30% crude protein). The diets were fed to Nile tilapia 
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fingerlings (12.5g)  twice a day for 150 days. The growth of fish fed 
shrimp meal, poultry by-product meal and meat and bone meal was not 
significantly different from those fed the fish meal base diet while feed 
conversion and protein efficiency ratio were significantly retarded, 
further reduction in fish performance was noticed when bone meal or 
blood meal + meat and bon meal replaced fish meal in the control diet. 
 In east Carolina University (USA) two experiments were 
conducted with hybrid tilapia to evaluate meal made by extrusion co-
processing culled sweet potatoes and poultry mortality silage. In both 
experiments dried. Cull sweet potatoes and fermented whole turkey 
carcasses were co-extruded dried, and hammer- Milled to make the diet 
test ingredient, the resulting of diet was included  at 0, 11, 22 and 33% by 
weight in iso-caloric, iso-nitrogenous pelleted diets in an 87 days growth 
trial. No significant differences were found in the growth parameters of 
carcass among the treatment groups.  
 In USA solvent extracted cottonseed cake was used in shrimp 
Penaeus vannamel diets at levels of 13.3, 26.5, 39.8, 53.0 and 66.3% 
substituting on an equal nitrogen basis for 0, 20, 40, 60, 80 and 100% of 
animal protein mix (53% menhaden fishmeal 34% shrimp waste meal 
and 13% squid meal) the feed were formulated to contain 32% crude 
protein and 3.10 Kcal metabolizable energy/kg. Each diet was fed to 
Juvenile shrimp to satiation four times daily for 8 weeks shrimp fed the 
three lowest dietary levels of cottonseed cake 0, 13.3 and 26.5% had 
similar weight gain, feed consumption and survival. Shrimp fed the diet 
with 39.8% cottonseed cake 1.600 ppm gossypol had depressed weight 
12 
 
gain, reduced feed intake and high mortality. The groups receiving the 
two highest dietary levels of cottonseed cake lost weight by the end of 
week 4 and all shrimp in these treatments died within 6-8 wk, these 
adverse effects were probably due to the toxicity of free gossypol.  
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CHAPTER THREE 
MATERIALS AND METHODS 
 
 
3.1 Experimental area: 
 The experiment was carried out at Sudan University of Science 
and Technology, College of Veterinary Medicine and Animal production, 
Department of Fisheries and Wildlife Biology. 
3.2 Fish Samples: 
The fish sample  used in this experiment were forty eight (48) 
fingerlings of Nile tilapia (Oreochromis niloticus) collected from the fish 
farm of the Fish Department using gill nets. 
3.3 Experimental diets:   
 Ingredients used in the study were purchased from the local 
market. Diet (A) 60% wheat bran, 30% cottonseed cake, 10% poultry 
byproduct (Offal +Intestine). Diet B: 60% wheat bran, 30% cottonseed 
cake, 10% fishmeal Table (1). 
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Table (1):  percentage composition of experimental diets (A and B). 
Diet Wheat bran 
Cotton 
seed cake 
Poultry by-
product(offal+intestine) Fish meal
A 60% 30% 10% - 
B 60% 30% - 10% 
 
 
3.4 Preparation of experimental diets 
 The diets were prepared by mixing the dry ingredients  (Table 1) 
followed by the addition of hot water(90oC) until a stiff tough paste was 
obtained. The tough paste was extruded through grinding machine to give 
pellets, then dried on the shelves at room temperature. The diets were 
stored in plastic bags under ambient condition over the experimental 
periods. Proximate composition of the experimental diets  shown in 
Table (2). 
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Table (2): Chemical composition of the experimental diets 
Diet DM CP CF EE Ash 
A 93.09 17.93 30.51 7.8 8.85 
B 92.52 18.84 27.55 5.65 5.74 
DM: Dry matter 
CP : Crude protein 
CF : Crude fiber 
EE : Ether extract 
 
3.5 Experimental trials:  
 The initial mean weight of fingerlings was 41.86 gm with total 
length 12.67 cm and standard length 10.57 cm. 
 The fish was randomly allocated at a stocking rate of 8 fishes per 
hapa (Mosquito net) (190 x 100 x 90 cm) with three replicates hapa for 
each experimental  diet,  fitted in the fish farm pond (20 x 15 m)². All 
fishes were fed two times daily at a fixed feeding rate of 5% body weight 
per day for 60 days (April – July 2007). Total biomass of the fish from 
each hapa was weighed at 10 days intervals and feeding rates adjusted 
accordingly. At the  end of the trial 3 fishes per hapa were sacrificed and 
sent to the laboratory   to determine the proximate analysis of the whole 
body studied fish (Table 3). 
 
 
 
16 
 
 
Table 3:Inetial chemical composition of the experimental fish. 
DM CP CF EE Ash 
23.59 19.10 3.98 1.61 1.31 
DM: Dry matter 
CP : Crude protein 
CF : Crude fiber 
EE : Ether extract 
 
3.6 Temperature and pH 
 Over the experimental period the water temperature and pH levels 
were measured recorded every week using normal thermometer and 
digital pH meter respectively.  
3.7 Proximate  analysis  
 Proximate analysis was done according to the AOAC (1980) to 
determine protein, fat, ash fiber and moisture content.  
 The protein content of the diets and the whole body weight 
composition was determined by Kjeldalh, method. Fat  using by solvent 
extract. Ash content was obtained by placing the samples in a muffle 
furnace (550oC for 12 h), fiber by placing the sample remaining in muffle 
furnace 550oC for 6 h after acid and alkali hydrolysis, moisture by drying 
the sample in (105oC) until consistent weight has been attained.  
3.8 Statistical analysis 
      The data of this study was analyzed using computer statistical 
package of social science software (SPSS, version 10, one way ANOVA 
to test for significance according to Gomez and Gomez, 1980) 
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CHAPTER FOUR 
RESULTS 
 The growth response and performance data of Oreochromis 
niloticus fed with diet containing poultry by-product meal (diet A) 
presented in Table (4) showed a lower growth rate responses of 
Oreochromis niloticus than those fed with fish meal ( diet B). 
 The final weight and specific growth rate ( SGR), feed conversion 
ratio (FCR) and protein efficiency ratio (PER) over the experimental 
period showed a lower rate level in group fed diet with poultry by-
product (Diet A) compared to those fed the fish meal (Diet B). While the 
better apparent protein utilization (NPU) was recorded for those fed with 
Diet (A) than Diet (B) Table (4). 
Table 4: The effect of diets on the fish growth performance  during 
the trial periods. 
Parameter Diet A Diet B
SGR 0.24 0.34
FCR 1.9 1.2 
FCE 5.40 8.49 
PER 0.75 1.06 
NPU 23.31 11.99 
Weight gain 13.43 20.11 
Where: 
SGR : Specific growth rate
FCR : Feed conversion ratio 
FCE : Feed conversion efficiency
PER : Protein efficiency ratio
NPU:  Apparent protein utilization 
 
 
18 
 
Table (5): Effect of diets (A - B) on the Total body weight (g) of  
studied fish (Oreochromis niloticus) during the trial period. 
Diet
Period 
A B 
P1 43.71 40.01 
P2 47.88 45.35 
P3 50.80 50.94 
P4 54.31 55.12 
P5 55.59 57.39 
P6 57.14 60.89 
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Table (6): Effect of diets (A - B) on the total length(cm) of studied 
fishes during the trial period 
Diet
Period 
A B 
P1 12.88 12.45 
P2 13.41 12.75 
P3 13.70 13.45 
P4 13.78 13.79 
P5 14.08 14.04 
P6 14.70 14.18 
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Table (7): Effect of diets (A - B) on the standard length(cm) of 
studied fishes during the trial period 
Diet
Period 
A B 
P1 10.68 10.45 
P2 11.03 10.63 
P3 11.28 11.15 
P4 11.36 11.39 
P5 11.79 11.72 
P6 12.22 11.88 
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Table (8): Chemical composition(%) of the studied fish at the end of 
experiment.  
Fish 
groups 
DM EE CP CF Ash 
Diet A 25.95 1.70 23.28 2.55 2.32 
Diet B 27.97 2.24 21.36 3.16 5.00 
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Fig. (2): Average weight of fish fed diet (B) 
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Fig. (3): Average weight of fish  
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Table (9): summary of the main effect of the two diets formulated 
diet  (A - B) on total bodyweight of studied fish 
(Oreochromis niloticus). 
 
Diet 
Period 
A B 
P1 43.71 40.01 
P2 47.88 45.35 
P3 50.80 50.94 
P4 54.31 55.12 
P5 55.59 57.39 
P6 57.14 60.89 
            Main effect: 
 Diet (A): 51.57a 
 Diet (B): 51.61b 
 Sig. level ** 
  
Period 
  P1:  41.86b 
   P2:  46.61c 
  P3:  50.87bc 
   P4:  54.71bc 
  P5:  56.49b 
   P6:  59.01a 
Where, a, b, c means within the same column followed by different 
superscript are significantly (P<0.05) different 
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CHAPTER FIVE 
DISCUSSION 
 
The study was conducted to evaluate the feed efficiency of two 
experimental diets (A - B). Diet (A) containing 10% poultry by 
product(offal +intestine) and diet (B) containing 10% fish meal Table (1), 
on growth performance of Nile tilapia (Oreochromus niloticus).                      
The results revealed that the better growth rate and feed conversion 
ratio (FCR) in the fishes fed diet (B) than the other group fed with diet 
(A).  
The feed conversion efficiency (FCE), and protein efficiency ratio 
(PER) also better in the group fed the fish meal diet (B) compared to the 
other group fed poultry by-product diet (A), while the apparent protein 
utilization was better in the fishes fed poultry by-product diet (A) than 
those fed fish meal diet(B)  .                            
This is in agreement with study of Lim and Domany (1989), they 
reported that, the main source of the fish diet for protein is the fish meal 
which still constitute subsistent part of the feed formulation for Nile 
Tilapia (Oreocromis niloticus) in many fish farms. Olvera (2002) 
evaluated the effect of substituting animal protein (fishmeal) with 
mixture of plant feed stuffs Soybean meal and  Alfalfa leaf in diets of 
Nile tilapia (Oreochromis niloticus) fingerlings showed the best growth 
performance on this species . 
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Hassan and Amin (1997) found that processing technique greatly affected 
the nutritional quality of poultry by- product and it could replace 50% of 
fishmeal in the diet, these findings were in the line of Fowler (1991) and 
Sevgili (2002) and the results of this study. 
In Pacific white shrimp and Sun shine bass diet could be replaced 
by about 80% and 100% of fishmeal by poultry by-product and has no 
negative effect on the weight gain and feed conversion ratio of the fish 
species. The result obtained in European Eel by Appelbum et al. (1993); 
Tilapia sp. Elsayed (1998); Catla sp. Hasan et al. (1993); Rohu sp. Hasan 
and Das (1993); Carp sp. Steffens (1998), they indicated that the total 
replacement of fish meal with poultry by-product could be possible. 
Johnny (2002), reported that the dietary requirement depended on 
essential amino acid and the type of protein. 
The study suggest that the poorer growth of the fish in group (A) 
could be attributed to a lack of some essential amino acid or the quality 
of the ingredient. 
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CHAPTER SIX 
CONCLUSION AND RECOMMENDATIONS 
 
6.1 Conclusion 
The study looked for finding good diet with balanced, nutritive 
requirements for Oreochromis niloticus using local and cheep 
ingredients. The agriculture by product and fish meal is the best diet for 
fishes. 
Sixty days period of the experiment is not enough to determine the 
performance of the Oreochromi s niloticus 
 
6.2 Recommendations: 
1.  The basic elements of fish culture (fertile land, natural water, good 
selected culture and species) should be improved and the research 
skill to maximize out put. 
2. There is a read for More studies and research in food and feeding 
especially in supplementary feed and dietary protein requirement. 
3. Development of commercial use least cost effective feeds, locally 
available, cheap and unconventional resources to achieve optimum 
growth rate. 
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 APPENDIX 
Body measurements during study period 
Treat Period Rep W.t T.L S.L 
A 1 1 52.6 14 11 
A 1 1 44.1 12 10.7 
A 1 1 47.5 13.5 11.2 
A 1 1 49.9 13.7 11.3 
A 1 1 34.8 12.3 10 
A 1 1 55.5 14 11.5 
A 1 1 58.7 14.5 12 
A 1 1 53.3 14 11.3 
A 1 2 24.3 10.3 8.5 
A 1 2 37.2 11 9 
A 1 2 32 11.9 9.7 
A 1 2 35.9 12.3 10.1 
A 1 2 40.3 12.8 10.4 
A 1 2 32.3 11.1 9.6 
A 1 2 45 12.9 10.4 
A 1 2 41 12 10.1 
A 1 3 51.3 13.5 11.2 
A 1 3 58 14.7 12 
A 1 3 53 14 11.5 
A 1 3 40 13.2 10.6 
A 1 3 35.3 11.9 9.6 
A 1 3 44.4 13.4 11 
A 1 3 42.2 12.7 12.6 
A 1 3 40.4 13.4 11 
B 1 1 29 11.4 9.3 
B 1 1 38 11.6 10.2 
B 1 1 28.4 11.2 9.5 
B 1 1 38.4 12.3 11 
B 1 1 40.7 12 10.7 
B 1 1 28.4 12 9.5 
B 1 1 25.9 10.6 8.5 
B 1 1 36.7 11.6 10.4 
B 1 2 43.5 13.5 11.1 
B 1 2 47.3 13.7 11.2 
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B 1 2 39 12.7 10.7 
B 1 2 51.6 13.9 11.3 
B 1 2 45.5 13 10.7 
B 1 2 51.1 13.8 11.3 
B 1 2 50.2 13.9 11.2 
B 1 2 37.8 12.5 10.3 
B 1 3 41.5 13 10.7 
B 1 3 43.3 12.8 10.6 
B 1 3 42.3 11.8 10.7 
B 1 3 34 12 9.7 
B 1 3 35 11.9 9.7 
B 1 3 47.4 12.7 11.2 
B 1 3 47.6 12.2 10.8 
B 1 3 37.7 12.8 10.6 
A 2 1 52.3 14 11.5 
A 2 1 65 15.2 12.6 
A 2 1 53.9 14.4 11.6 
A 2 1 52.5 14 11.4 
A 2 1 35.3 12.5 10.3 
A 2 1 58.5 14.5 12 
A 2 1 54.4 14 11.6 
A 2 1 42 13 10.7 
A 2 2 41.5 12.3 10.1 
A 2 2 43.5 13.2 10.6 
A 2 2 38.3 12.4 10.3 
A 2 2 47.8 12.8 10.6 
A 2 2 36.9 12.1 10.2 
A 2 2 50.8 13.8 11.3 
A 2 2 32 11.2 9.3 
A 2 2 36 12 9.8 
A 2 3 57.4 14.2 11.7 
A 2 3 60.2 15 12.3 
A 2 3 46 13.5 11 
A 2 3 57.4 14.2 11.8 
A 2 3 48.6 13.5 11.4 
A 2 3 49.5 14 11 
A 2 3 37.5 12 10 
A 2 3 51.8 14 11.5 
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B 2 1 50 12.4 10.8 
B 2 1 52.5 13.6 11.3 
B 2 1 40 12 10.5 
B 2 1 48.9 12.4 11 
B 2 1 39 12 10 
B 2 1 35 12 9.8 
B 2 1 28 10.8 8.5 
B 2 1 45 12.3 10.2 
B 2 2 46 13.6 11 
B 2 2 42 13.5 10.9 
B 2 2 51 12.4 11 
B 2 2 55 14 11.8 
B 2 2 62 14.1 11.5 
B 2 2 43 13.3 10.6 
B 2 2 51.5 14.2 11.4 
B 2 2 39 12.5 10.6 
B 2 3 36 12 10 
B 2 3 45 13 10.5 
B 2 3 56 13.5 11.2 
B 2 3 35.5 12.2 10 
B 2 3 41.3 12.1 10.5 
B 2 3 49.4 12.5 10.5 
B 2 3 43 12 10.5 
B 2 3 54.4 13.7 11 
A 3 1 69 15.5 12.6 
A 3 1 64 14.7 12.3 
A 3 1 43.8 13.2 10.8 
A 3 1 55 13.8 11.2 
A 3 1 56.7 14 11.5 
A 3 1 58.7 14.5 12.1 
A 3 1 40.1 13.8 11.4 
A 3 1 0 0 0 
A 3 2 58 14.2 11.2 
A 3 2 49 13.8 11.2 
A 3 2 49.5 13.2 10.2 
A 3 2 44 13 10.8 
A 3 2 38 13 10.4 
A 3 2 52 13.4 11.3 
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A 3 2 46.5 12.9 10.8 
A 3 2 32 11.5 9.6 
A 3 3 56.5 13.8 11.5 
A 3 3 62 15.6 12.6 
A 3 3 58.8 14.7 11.9 
A 3 3 47.8 12.7 11.5 
A 3 3 53.3 14.9 11.5 
A 3 3 38 12.8 10.4 
A 3 3 45 12.5 11.3 
A 3 3 0 0 0 
B 3 1 61.1 14.7 12 
B 3 1 51.3 13.5 11 
B 3 1 50.3 13.2 10.8 
B 3 1 42.7 13.7 11.1 
B 3 1 47.7 12.2 10.8 
B 3 1 60.2 14.4 12 
B 3 1 41.7 12.5 10.6 
B 3 1 30.2 10.6 8.6 
B 3 2 51.7 14.2 11.3 
B 3 2 52 13 11.6 
B 3 2 53 14.3 11.7 
B 3 2 69.8 15 13.4 
B 3 2 41.8 13 10.6 
B 3 2 53.6 14.3 11.5 
B 3 2 41.8 12.5 10.4 
B 3 2 45 13.2 10.7 
B 3 3 59 14 11.5 
B 3 3 41.4 12.3 10 
B 3 3 53.6 13.4 11.2 
B 3 3 49 13 10.6 
B 3 3 52 13.6 11.2 
B 3 3 62.2 14.4 11.7 
B 3 3 47 13.5 11.2 
B 3 3 64.6 14.3 12 
A 4 1 47.9 13.5 11.5 
A 4 1 59.7 14.8 11.5 
A 4 1 75.5 15.7 13.7 
A 4 1 64.3 14.6 12.4 
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A 4 1 47.5 13.5 11.3 
A 4 1 66.8 14.7 11.5 
A 4 1 42.9 12.6 10.5 
A 4 1 0 0 0 
A 4 2 35.5 11.5 9.6 
A 4 2 54.3 13.7 11.4 
A 4 2 48.9 13.2 10.8 
A 4 2 55.7 13.5 11.2 
A 4 2 49.7 13.3 10.4 
A 4 2 52.9 13.4 11.1 
A 4 2 0 0 0 
A 4 2 0 0 0 
A 4 3 57 13.7 11.2 
A 4 3 66.2 14.6 12.4 
A 4 3 60.1 14.5 11.8 
A 4 3 61.4 14.3 11.8 
A 4 3 47.5 13.4 10.9 
A 4 3 41 13.9 11.2 
A 4 3 51.3 13.2 10.9 
A 4 3 0 0 0 
B 4 1 69.9 15.7 12.5 
B 4 1 47.3 12.8 10.5 
B 4 1 39.1 11.7 8.9 
B 4 1 54.8 14.8 11.6 
B 4 1 50 13.5 11.4 
B 4 1 54.2 13.7 11.5 
B 4 1 0 0 0 
B 4 1 0 0 0 
B 4 2 48.3 13.1 10.5 
B 4 2 57.9 14.7 11.6 
B 4 2 74.8 15.4 12.8 
B 4 2 55.8 14.5 12.3 
B 4 2 45.4 12.8 10.8 
B 4 2 56 14.5 11.7 
B 4 2 54.3 13.9 11.9 
B 4 2 43 12.2 10.8 
B 4 3 66.4 14.7 11.9 
B 4 3 58.8 13.6 11.2 
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B 4 3 59 13.8 11.5 
B 4 3 53.8 13.2 11.2 
B 4 3 49.3 13.2 10.8 
B 4 3 54.2 13.3 11.5 
B 4 3 65.3 14.5 12.2 
B 4 3 0 0 0 
A 5 1 68.9 15.4 13.6 
A 5 1 59.5 14.2 12.5 
A 5 1 58.7 14.2 12.6 
A 5 1 64.8 14.7 12.5 
A 5 1 59.6 14.2 11.2 
A 5 1 47.4 13.3 11.9 
A 5 1 0 0 0 
A 5 1 0 0 0 
A 5 2 54.5 14.3 11.8 
A 5 2 37.8 12.2 10 
A 5 2 56.2 13.5 11.9 
A 5 2 50 13.3 10.7 
A 5 2 51.3 13.5 11 
A 5 2 54.4 13.8 11.5 
A 5 2 0 0 0 
A 5 2 0 0 0 
A 5 3 45.9 14.3 11.7 
A 5 3 63.6 15.7 12.8 
A 5 3 60.7 15 12.3 
A 5 3 59.9 14.8 12 
A 5 3 62.5 14.5 12 
A 5 3 44.9 12.5 10.3 
A 5 3 0 0 0 
A 5 3 0 0 0 
B 5 1 74 15.7 13.5 
B 5 1 54.7 13.4 11.3 
B 5 1 63.7 14 12.6 
B 5 1 49.8 13.6 11.5 
B 5 1 46.8 12 10 
B 5 1 0 0 0 
B 5 1 0 0 0 
B 5 1 0 0 0 
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B 5 2 52.7 14.5 12 
B 5 2 46.2 13.3 11 
B 5 2 45 13.4 10.8 
B 5 2 62.9 15.4 12.6 
B 5 2 58.8 15 12.2 
B 5 2 70.9 15.7 12.7 
B 5 2 47.9 13.7 11.5 
B 5 2 0 0 0 
B 5 3 55.8 12.7 10.9 
B 5 3 51.3 19.8 10.6 
B 5 3 54.1 13.2 11.4 
B 5 3 70.3 14.8 12.1 
B 5 3 67.7 14.9 12.5 
B 5 3 60.4 13.6 11.7 
B 5 3 0 0 0 
B 5 3 0 0 0 
A 6 1 59.8 16 13.2 
A 6 1 51.3 14.9 12.3 
A 6 1 60.1 14.7 12.3 
A 6 1 61.4 15.4 12 
A 6 1 70.9 14.3 12.5 
A 6 1 0 0 0 
A 6 1 0 0 0 
A 6 1 0 0 0 
A 6 2 40.2 12.8 10.3 
A 6 2 53.2 14.4 12.8 
A 6 2 53.3 14.5 12 
A 6 2 55.5 14.6 12.1 
A 6 2 57.6 14.2 11.9 
A 6 2 0 0 0 
A 6 2 0 0 0 
A 6 2 0 0 0 
A 6 3 61.5 15.1 12.6 
A 6 3 56.3 14.4 12.1 
A 6 3 48.1 12.8 10.5 
A 6 3 60.9 16 13.5 
A 6 3 62.7 15.1 12.4 
A 6 3 61.4 15 12 
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A 6 3 0 0 0 
A 6 3 0 0 0 
B 6 1 55.1 12.8 10.9 
B 6 1 65.3 14.4 12.3 
B 6 1 49.9 13.7 11.5 
B 6 1 75 15 13.8 
B 6 1 51.7 13.5 11.2 
B 6 1 0 0 0 
B 6 1 0 0 0 
B 6 1 0 0 0 
B 6 2 53.8 13.5 11.4 
B 6 2 71.9 15.7 12.7 
B 6 2 67.3 15.8 13 
B 6 2 52.1 13.5 10.8 
B 6 2 63.9 15.1 12.3 
B 6 2 61.8 14.7 12.2 
B 6 2 0 0 0 
B 6 2 0 0 0 
B 6 3 59.5 12.5 10.3 
B 6 3 63.3 13.7 11.2 
B 6 3 61.6 14.3 12.6 
B 6 3 62.7 13.8 11.4 
B 6 3 59.3 14.8 12.5 
B 6 3 0 0 0 
B 6 3 0 0 0 
B 6 3 0 0 0 
 
 
 
